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NATIOI_AL ADVISORY CO!Zq'rTEF FOR AEROf[AUTiCS.

TECHYlCAL !_OTE 110. 8?.

HvDFOSTATiC TEST OF AN AIR_}-IP ._[ODEL.*

Construction Department, l_avy ]a,rd.

An airshin model made by the Goodyear Rub_cr _<:m_.n_ _ was

{illed wi __ water and suspended from _ beam _ _n_. c_orma_ions

t_le envelope.studied under the fciTow_='_ ...._, ,....n_l__o_,_

(a) Both ballonets er_p:,y;
(b) Forward ballonet filled wi_h s.ir"

(c) Rear ballonet fiiicd w_th air;

(d) Both ballonets filled -_ith air.

.no_o_rapho were taken to record the deflections under each of

these conditions, and a study was made to determine the "_

head of water necessary to maintain the longitudinal axis of the

envc!cpe under these conditions. Additional photographs were tak-

en of the model filled with air and after fillin Z with water be-

fore any adjustment of the suspension was made. The form of the

crc_3 section _hen filled with water was obtained by bending a

_,-_'_, cieoe of fuse wire to conform wlth the surface and then by

laying the wire on paper and tracing the shape. The effect of fill,

ing with water on the length of the model was also noted.

A_nara_us used.- As may be seen, from the following photo-

graphs, the model was suspended from a framework in front of a ver-

tic:_l screen of cross section Eaner having lines one inch a_art.

The tension in the cords was adjusted by screwing up the nuts on

\
*This report is a slightly revised form of the unpublished Report

=_°2, Construction Department, Navy Yard, %?ashington, D.C.
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the I/S_in3h brass rods "_hich r_n through ,,h_ be_n:,

_he photogr_phs. The lowe _. ends of these rods v:ere bent to form

hooks into which the cords ;yore tied,

Corditions of Test. " 'Six cords o:-,.the end, both forward a:_&

:eJ,r were run to _ single ring and fastened. In this test they

:-:ore run through t_:e ring in order to _rovide for adjust:newt of

e&eh cord. The ""_ng_ -;_ere held in pl_,ce b_, a v;ire, which mP_r be

seen in the [,hotc_r_ph, and ",vhiob was fastened to the Veg, at Zhe

on& of the third cord from the end on ta,n side When filled with

w_ter ar u_n;T&rd :'orce _-as e_:erted near the stern at the position

occupied o3r the rudders and fins on the &_._hl,. The ,:;eight of the

fins and rudders on the full-size airship is 480 pounds. The

1 times those on the full-size
forces £cting on the model _,re 80. 1°

:irship; hence this upv_mrd force was 1":,_de 4S0 or 15. _ pour..ds.
ZO. IS '

[{his force _:as measured b_T supportin_ a stick _t its middle on _

knife edyo and hanging a _;;eight of 15,9 -_ounds_,. on one end; while

i'rom _'_'oother _nd, _s is sho:vn in the photogro.phs, the stern of

t'_ ,.:o.._!;=as suspended. It ".vi,_ be _oted the: the moment exerteu

by this force, _e:_di:_.g to __ip _ne stern up, is - t-_mes _-_
"_ 30. 18 _

monen_ of the rudders _n___ ¢ins on the full-size a ir_hip, and as t?_

1
' _ " " ~_" _±Y 30, 18cords '-or _ adjuste_ Zo a _ns_- _, eq_i to _proxima _-

_uL±-_i,_ _irs:-i_ the _oment of the =eigh_ of

i
the :nod.el _bou_ the esds of the _o_d,., neP_- the beam _ s

30.18 =

__-_es the moment in the full-szsc a irshii_, hence the moment = _"_"

b': 15.9 vounds _o corz'ect in this rs_,ort. It ma_: also be _'-_'



- 5 -

that the stress in the f_bric c_4_;ed b%_ thi_ moment is the sau_e as

in the full-size s.irship. The f3at sticks under the band were

s!mply to distribute _he fo::ce of the band in a way simll_r to .t_-_t

• o_ the force of ""_ _a rudders is distributed in the

ful_-s_ze airship, and to i_revent the band making _%deep indenta-

tion in _ot._ r._odeI.

The entire apparatus was mounted on platform scales in order

_c determine the shange in weight under the various ,conditions.

The _ressures used v_ere measured by manometer tubes, as shc,_cn

in the photographs, and were as follows:

Pressure of air (air filled)
" " water (water filled)
" " air in forward ba!!onet
" " air in rear ballonet
" " air in both ballonets

(used together)

19 1/8 in. w_ter
1/.% '_ "

20 " "
20 " "

( approx. )

15 I! .

The pressure of the _Ir when alr-filled was made 19 !/_° inches

because about this pressure w_s necesssry to straighten out the

wrinkles and give the model a fairly smooth appearance. It was as-

sumed that the same pressure would hold the ballonets in sh_pe,

and hence it was used. Due to a leak in the connections when beth

bsollonets were filled the pressure had dropped to 15 inches "_heu

the picture _as taken. This was considerably in excess of the

water pressure on the outside of the ballonets, hence they must

have been completely filled in all cases. One-quarter of _n inch

of water was used as this was the smallest amount that would indi-

cate with certainty that the model was filled. A slight change in

tn_ air _ressure, occurred constantly, due to the cooling of the
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ai_ af _ _ caused the. _e_..compression __ _.I c.-_"It of leaks,

water level to on_mge s!ightiy_ re_quirzng that _ slight head be

used _o make sure that the head did not become less than zero.

Considering that ti_e fSorio in the '.rodel micht take the #era of

that in the full-size airship, a quarter-inch head, equal to a

probable increase of a I/4" in the vertical distance from top to

bottom of _he envelope, was taken as zero head.

__9_rr_ec_tionfor Reading_on Cr_Qss-Section Pap_X.- The lens of

the camera was kept at a constant distance of 200 inches from the

screen, measured in the path of the light. As the distance from

the axis of the model to either screen was 9 inches, the actual

lim_nsions of the model may be determined for any point on it by

_._ _ne dimension on the cross-section _aper and reducing it

by the r_tio __9-9 = 955. If a greater accuracy _s desired, a200 '

correction for the inaccuracy of the paper should be made; the ao-

_0!5 The oorrec-tual width being _!-16 inches instead of 20 inches.

tion lengthwise will be by the same ratio, of course.

DISCJSSiGN OF PHOTCGRAPIIS.

Filled with Ai_.- Fig. 3 shows the model filled with air and

was _he first one taken. The model had stood for several days

filled with water, and it presents a much smoother aprearance than

when first filled with air before standing filled with water. It

v_as found necessary in order to bring the model to a horizontal

position to support nearly the entire weight by the cords furthest

to the rijht of those which appear vertical in the side view. The
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other cords were drawn up _s far as possible without causing any

.?_z'e ciable tension.

i_iited with i;atej_ (not edj_is+,ed).- Fig. 4 shows the model

, I !e& _=Ith water, no s,_j,,_o_mun_ el _hc cords having been ,Klad,9 af-

ter taking photograph, _ig. 3. It will be noted that the stern

he,d sa_ed more than the prow and there was an off-set in the _xis

u;_der thc re_:_,rend of the belly band. The vertical cords toward

'he_ rear -ere too tight, ,_,.....sing a n&rzov section to show from

t,oi0 vie_v, it is not o_].y the cords which took the _--_ight v:hen _ir-

_'"iled, he'<over, that were too _ ~'-.... ,.i_L_t _os those just ahe._d of them

_%ppe&r equally _',;ressed. The foremost of the _,_ds passing through

th$ rear ring ca.,_sed an _mdentation e_nd for this reason the :_ "mere

removed from the ring before the text r'ictur<, :,'am taken. The in-

dentations _round the ..a±lonet valves <;ere due to the fact that T,he

cords attaching the bal]ouets to the envelope -,7_re too short. The

-_w:;y appearance of the sid.ss was due to the se_ and r.ost of these

,7_ves did not exmend much beyond the see:<. The _;aves in the belly

3=_d took the form shown zcoidente, l!y, sad di# not indicate the,t

_he cords ....._ " ' ",,o_.a ms,use a similar form on the full-size c,__rshi;,,

Filled with W_zt_e_/___djusted).- The following adjustments we.To

"_ before to,king photograph, Fig. o. ....._c.e - Numbering from tns stern

11o. 3 cords _ere is,ken out of ring and adjusted, ",_hich c_,used _he

Do_ition of the ring to 0_._-,,_,'._.9'Nee. i end 2 were taken u_, about

,_ i_ch', U'o. 5 w_s let out _,_+.,_,__/4 inch. ,q_-_.._rear cords ";;ere u_'.+.. ,

ti_-_zhtened,more bec,_,use of the wrinkle which be_,_n to eli':ear ,,u,-__ ....,.

under their ,_---,_-" e_ds and bec:-_u_e : " ""t_._d.ten!:_ theft: threw the _c_do,
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wnlch aipeared in a vertical plane in the plan, more _nd more out

of _-.hevezticai_ The axis of the model was, however, straightened

- "_ _ly in_onsla_r_ this ',:ay _s m_,_b_ _oted.

__O.-,_,z__.._d='-<_,_I_I9.::).L_Fii!eff w__h A_ - T_e T rincipal effect of

filling the forward balloter with air, as shown in photograph_ Fi_7.

.S, was _o tip the forward end up and to broaden it, the broadening

being chiefly due to the increased tension in the cords holding

the ballo__.et. The model at the same ti_e ,:_oved for_ard as is

s,,o'_n by the increased inclination of _h¢ cords. Due to soPe re-

cu!iarity in the lighting, the liquid in the t_foe did not re_istsr

cle_rly_ but the pressure was about 20 inches of water. The ten-

sion in the rear vertical cords was increa_ed_ as is sbo'_ by the

te:tdenc3_ to "-,'tinkle on the sides under them.

Rea____r__Bal3__oue_/_l_i.l__edwith Air.- Filling the rear ballonet ';ith

3,ir, as shown in photograph_ Fig. 7, had the same effect as that

in photograph, F"_'6. 6, except that it was _t the other end while

the dent under ti_e beam toward the rear end which disappeared in

photograph, Fig. 6, reappeared here. The cords in the middle see-.

......... _ .-'...''" "'_" those farthest for_ard taking thetion o ,_.I,_ to a, _,_. ,..l_,._ pl_ne,

greater tension.

Both Bai!onets Filled with Air.- In this condition, shown in

Dhotograph_ Fig. 8, the axis was in nearly the sa_e position as

with both bai!onets empty, except that the stern was higher by

aoor.t i i/2 inches. The _o_s-section at each end when the baiio _

n gt a-_ ,_=_ end was filled was of this form.
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It was noted from & L]zn v!e_: Sh_t She filling of either of

the %_ilonets --_" _ s_i.... tn r distorted the stream line form considerably.

Force Exerted by Bo,i!on__ts is of Proper I.{agnitu£e.- That the

haoyencU of the &it in the ba!lonets is of the proper magnltude,

._ i _'-_ th negative buoyancy of the bailonets in the
.... _ ZC. 18 _Im_ s 3

£u:!-s!ze airship, is evident from the fcllo_ing reasoning. A be_i-

lonet fret" the full-size airship immersed in wattr would have _ _o

ti::es the b_oy-_ncy in the opposite direction, but the ballonet in

the model has -- 1 times the volume of the full-size ai_-
909 x 30.18

_nir_ b&llcnet; hence t.,_e force which &t exerts is

1 1
909 x 909 x 30.!8 = "S0.18

times the force exerted by the full-size _irship b_llonet; hence

_he ratio is the same as for the other forces.

Relation of Stresses in },_odel to Those in Full-size Airship.-

1 scale was that under this
The tee,son fo_ m_king th3 model 30. 18

condition the stress i_ the fabric "#nen filled with water is equal

to th,_t in the full-size _irship when filled with hydrogen. A

proof of this is given in the note following the d_ta. The weights

of the hulls, ho:vever_ act in opposite directions in the two cases.

In the full-sizc_ airship it c_nses no tension on the cords and in-

__ tension ..n the fabric on the top. in the model the

_ei_ht is taken by cords and the _tress in the fabric just outside

of the belly b:_nd is increased. This difference may be eliminai_ed

by !elating a rubber tube filled with air inside the model. It "::a_

impossible to place this tube inside this mod._l, however, without
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making an _._rt_r_ in the envelope, which was not thought desirable

rot _necessary as the weight of th_ hull _as v_ry s_lail COmFared

with the _veignt of the water, whereas in the full-size airship it

is r_;Ltchgreater compared with the buoyancy.

Action when Partly F.illg4.- In order to obtain additional data

to aid in deciding as to the presm_re to be recommended, acdltlo..a_

tests were made as follows. Water was dra_vn from the water-filled

model with ballonets empty until the tail collapsed, due to the

rudder and fin weight. This occurred when the le:_el of the water

wa_ c_bout two inches below the inside e&ge of the belly band. To

bring it to this level about 1/3 of the total weight of the water

was drawn off. On the following day this part of the experiment

was re_eated at which time the level was brought 3 1/2 inches belov_:

the inside edge of the belly band before a collapse occurred. This

difference in results is explained by the fact that when the model

is only partly filled it is in an unstgole condition. If for any

reason the _ater starts to run toward one end, that end becoming

h_avy sinks-_hile the other rises, and the water rushes to the lower

end. The first day that this part of the experiment was made, when

a level of two inches below the inner edge of ths belly band was

r3ached, the =_ater began to run forward and a collapse occurred.

The second day it started to run in the opposite direction, a crease

developing umder the rear filling valve which became 1 1/2 inches

deep before the water began to run the other way and a collapse

occurred.
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Action of RuJ.de_r and E!evator Forces.- It was oaicule, ted t?.et

,_,_ :_: m±_=_,.__h_._._~hou'_" and _vith the rudder at cO , the force on the

i'udiei_s for a model of this size would be about 3/4 of a ]sound_

and the force on the elevators _ould be a_proximately the same for

this condition. However, as the other forces are 30.18 times

those, _or_eco to scale, _or a model of this s.".ze, the rudder anti

elevator forces must be increased in the sans ratio; hence a weight

of 2S 1/£ i_,ounds w_s used to reprssent the total .oressure on the

rudders, and the same _:._ight was used to represent the total pres-

sure on the elevators. The effect of hanging this weight on '_,hen

_.. _. head of !/4-inch '_ballonets empty _ was to ,deflect the stern

_oout 8 _/_ inches. When exarted sidewise the deflection was about

on_ foot. Jnder a head of lO inches the dafleetion was about 3 1/2

inches do'c:n and five inches sidewise.

Action :Tith Rudder and Fin Le_ hts Removed, A head of IC

inches was then put on the model, -and the rudder s_nd fin weights

removed. The axis was not bent noticeably due to this removal, al-

though the inclination was of course changed. The h_sad was then

decreassd .e.nd the axis gradually bent until at one-inch head it

had o_nt so that _he stern was about five inches lower than _vith

the 1C-inch head, sm,d it was also bent to the left about six inches

_nd there was a fold in the f_bric on the left side and bottom -mbout

' 1/4 inches deep under the rear filling valve.

Change__in )Tolume "_._ithPress_re.- Ur_e___ the iO-inoh he_d the

.....s_ was 483 ._ounds: s_n increase of about .:_...._,J_.:.cent in net

weight over _na_ i'or i/4-inc}-, head. However, there would be a nuch
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. I ° _ _ " °

C ,_:: t:; _" :_ i'_T''_°3 _ "_'_ _"_:[.

Cros: _. s_ctions of _::e w_ter--:_'i]ed ,_cJc?_ ::i-b:-: i/4-'nch ?'c,_d

_._m on Fig. 1. As F-,-*_'_-_-, s t_bsd those were o_3.incd by

h_nfiing --&he&vy fuse "_vire around th_ model. ',n_ "::."_-_"_-_-_,-bth::s oc--

_:..-;_....was then reduce_ by the pa .....g,___ph to th_ size sho-.,_'=in tl,:

figure. As noted s_bove_ the form when the bs,lionets were ffiiie2,

• " _=..!y towas with _ valley on the under side. _s this _-_s _ue ch'o_

t_,_ b_llonet cords being< short and _o'a!& not occur to the sc_mc d_-

gro,-_-, in the full-size airship, no reproduction of the cross sectJcn,

,n_,: the ba_icn_s were filled, was ma_e.

Conclusion.- From the _bove it -_ppears that any press'.'_re suffi-

=u_l may used. }_s da,ta was obtainedcient to kc_p the airship _ _ be

'_i_ cou.ld be used to determine to ,h_. extent _he :vir_d -_ov.ld af-

tn&_ & r.r sure of one inch_ ..,,sdeformation. But it aDpears ' " ,. ss

of water would provide a _ita'ole f&ctor oz safety, s.nd _ _ .....

this is the pressure reco_:_ended. Due to the nsgative buoyanc7 of

the bs_ilonets, _ _ressure of _oout O.A of _n inch of ,_at_r in e::c_s

cf th_ pressure used on the hydrogen is necessary to equalize the

D_essure inside -_nd out at the top of the ballonet. This differ-

_.._e b et_ze 9z _ _ _'-a__ and hydrogen pressures should be increased to i-__

__bly _t is&st 3/4 of an inch to compensate for the veight of the

bs.llonet and for the tension on the cords.
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DATA.

Di_{ENSICNS OF EODEI

• Condition : Dimens" on
: " ill _ _"_

Length •

61.4• air filled

• wa_er filied= net adl_usted"
' w__ter fi!led;__a_d_ju__sted
: from specifications

: ! x 160 "< iS :
• 30. 18 : 63.6

: air filled, actual, : 13.4

}_aximum

diameter
: from specification_

• i x 31.5 x 12 "
: 30. 18

12.5
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Data cont iluled.

Z_ICHTS OF ;[ODEL

(Including _ppari hue)

H ov.,_ : Pressure Pressure : _.e_.s,

filled in Kod_l in Dsilonets " in lf,c .... ,...s

Air : 19 1,/2 in. : none : 31].

_,_t-_r : 1/4 " : : ATq
• _ ..... : 451

" : 1/4 " ; Rear, 20 in. : 455

" : 1/4 " : Both !5 in. " 439
" : 10-.in. head : none : 43,5

" : .... " " : 40.5**

_At point of collapse, first trJ.s,!; level cf water

2 inches below inside edge of -o¢.i17 Ls.nd.

*_At .ooint of collapse, second t..iol; level of -,Tater

3 i_2 inches below inside edge of belly band,

Weight of wate,"_'which model should held, c,_Iculat-

ed from displaoemen_ _iven in s_ecifications

(77,0C0 eu. ft,) = (, ,C00_x_62.__4_ = 175 _our,_s.
• 30.18 s " --

Ueig_nt of ;rater actually held by model at lO-inch
_,e_d = 483 Ibs. 31i Ibs. = 172 Ibs.

Short Proof that Stre_s in F_bric in. L{.Qdel Equals that .in Fui]--

size Airship.- This proof is based on _he fact that in a model maae

exactly to scale throughout, the stress per unit area, in any m_m-

bet, is the same as in a full-sized airship, if the r,ressure per

_ •,.u,it area of the liquid remains unchanged at all points. This is

the case, however, that if the head of _h,_ water is rightly chosen,

both pressures are the san]_ function of the height. This necessi-
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tates in zS.li_ion tl-at the liquid used in the mod_i have a grcate •

buo}_ancy (irositive or negative) than that used in the full-size

airship, and :f the thickness of the fabric in the _odel bs reduo_d

_^ " ratio _,_7 _ne i which __s the soa!e of the model, the buoye_noy of

the liquid ussd :_,ust be n ti_es that of the hydrogen, but if it

be mot reeuce_, the cross sectional area of the _,bris in any pla_.'_e

is n times as great as it should be to c&use t_e desired stress

with a fluid having a buo}'_ncy h times that of h,/drogen. Hence,

in order tc co,use the stress in the fabric of the r:odel to equal

that in _he fu2i-size airship, it is .necessary to make the buoyancy

oz" tLs liquid _ times as great as it -_vculd be if the thickness of

___e fabric w_re to sc_ie. The ratio of the buovconcy of the liquid

to be used_ to the buoyancy of h_drogen, is therefore _n_. The

ratio of the buoyancies of water amd hydrogen is 909. The scale to

__,_.., = " r o @li ,,,,e c,.ba <sod is then _ l The negative sign zs mot int "_ "
909 30. i8'

in connection with the buoyancy of water in air since the model :J_:_

placed u_side dew:] t_us re Ters "_ _. , " 3.._= the buoyamcy.



- ].4-

APPEI_P!X

S!F_.;,1J_E OF CRO'7'S F.DO_.

A test _vas made to determine the strength of a c_-ow" s foot

such ss is used to fasten the rotes on airships ._",#-f:-_ruished by

__e _oo_ye__ Rubber ComPany. The arma_.ger.er.t of the _..:_xo.tu_ ;'-is

as sLov;n on Fig. 8. The small ropes of the crow's foot '._ere fas-

tened to _he floor by ;:teens of a rope, and the fa__ic pulled up-

:_,ard by me_,s of a chain hoist, Suspension scales between the

crow's foot and the hoist "_Tere used to determ.i_e the force exerted.

The aFpawatus was tried without the wcod framowcrk about the iron

pipe at first, and i_ was noticed that the middle fing3rs were t_k-

ing by far the _gre_o_er part of the load due to bending of the Fipe.

In order tha.t all ,_our _ingers mi _-_ he - --_ ne_ _ _n_ _zre_a to more _riy

the same degree the wcod frame was made so that it supT,orted the

pipe at _all points, and with a piece about 1 3/4 inches by 3 1/3

_,_ _'_" theinches across the back, as shown in the rear view to _ .......

ends being bent to_vard each other. However, even with this arrange-

ment, it ':_as noted that the two middle fingers w_re under _reater

__-o _han the others.

_a.=_ur_ occurred at i_25 pounds which gives, when the ..... _

of _he frame is subtracted, pract.!caliy !ICO pounds. The fibers

of the rope held se_.rely, and it was only the fabric at the end_

of these fibers which g_ve way.

Te _< o_n_th ofs_ to determine the s_--_ small crow's feet (about .

inches x $ 1/2, inches) were <iso he,de. These _,.'erecemented te the
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" t_ _,_o crow' foot %nd v:eights ,o_ppliea unti _ fai "_-_._,_ _ _ ,

occurred. Sever +_sts "_vere made and failule occurred at the foi-

lowlr_g loads:

1,7o. of Test i 2 3 4 5 6 7

Load (in ].bs. _ 190_ 190 183_ 185 _o,-, 1_0_ _$0

Average Load =. i8'7 pounds.

The time taken on each test, exc_p_ l{o. 7, :_as about i0 minutes.

In }To. 7, a load of 180 l_ounds was put on _nd I_ _ for atout 20

mi-lutes, in order to ascerta, in roughly if ti_,_e was an i.m_o_te_nt

factor. In _his test it,tactically all the strands cf the cords pull-

ei cut, zhere_s in sii of the other tesgs, except No.6, ohiO- _art

of them pulled out while the others broke, the mm_ber v_hich broke

varying from ! to __m
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_rrangem.nFig. S. _ _ _ t for test of crow's foot



Fig. 6. Fore balionet filled with air.

Fig. 7. Aft ballonet filled with air.

Fig. 8. Both ballonets filled with air. ))2_ ._



Fig. 3. Filled with air.

Fig. 4. Filled with water (not adjusted).

Fig.


